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(54) Fuel injector 

(57) A fuel injector comprising a nozzle body 10 
defining a bore 1 1 . an outwardly opening valve member 
12 slidable within the bore 11. the valve member 12 
defining a blind bore 17 within which an inwardly open- 
ing valve needle 18 Is slidable, the valve needle 18 
being engageable with a seating 20 to control fuel flow 
towards a first outlet opening 21 provided in the valve 
member 12. and a second outlet opening 22 provided in 
the valve member 12, the second outlet opening 22 
being in constant communication with a part of the blind 
bore 17 upstream of the seating 20 and being located 
such that, in a closed position of the valve member 12, 
the second outlet opening 22 is closed by the nozzle 
body 10, outward movement of the valve member 12 to 
an open position permitting fuel delivery through the 
second outlet opening 22. 
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Description 

[0001] This invention relates to a fuel injector for 
use in supplying fuel under pressure to a combustion 
space of an internal combustion engine. The invention 
relates, in particular, to an injector suitable for use in 
supplying fuel to an engine of the compression ignition 
type, the injector forming part of a common rail fuel sys- 
tem. It will be appreciated, however, that the injector 
may be used in other applications. 
[0002] In order to reduce the levels of noise and 
particulate emissions produced by an engine it is desir- 
able to provide an arrangement whereby the rate at 
which fuel is delivered to the engine can be controlled. It 
is also desirable to be able to adjust other injection char- 
acteristics, for example the spray pattern formed by the 
delivery of fuel by an injector. It is an object of the inven- 
tion to provide a fuel injector which permits these 
requirements to be met. 

[0003] According to the present invention there is 
provided a fuel injector comprising a nozzle body defin- 
ing a bore, an outwardly opening valve member slidable 
within the bore, the valve member defining a blind bore 
within which an inwardly opening valve needle is slida- 
ble, the valve needle being engageable with a seating to 
control fuel flow towards a first outlet opening provided 
in the valve member, and a second outlet opening pro- 
vided in the valve member, the second outlet opening 
being in constant communication with a part of the blind 
bore upstream of the seating and being located such 
that, in a closed position of the valve member, the sec- 
ond outlet opening is closed by the nozzle body, out- 
ward movement of the valve member to an open 
position permitting fuel delivery through the second out- 
let opening. 

[0004] In such an arrangement, with the valve 
member in its closed position, movement of the needle 
away from the seating permits fuel delivery through the 
first outlet opening, thus the injection characteristics, for 
example the delivery rate and spray formation, are gov- 
erned by the shape, size and positioning of the first 
opening. With the valve needle in engagement with its 
seating, movement of the valve member from its closed 
position to its open position permits fuel delivery 
through the second opening thus the injection charac- 
teristics are governed by the shape, size and positioning 
of the second outlet opening. 

[0005] If desired, the valve member may be pro- 
vided with a plurality of appropriately positioned said 
first outlet openings and a plurality of appropriately posi- 
tioned said second outlet openings. 
[0006] Conveniently, movement of the valve mem- 
ber is transmitted through the valve needle. In such an 
arrangement, a bi-directional actuator is preferably 
associated with the valve needle, the actuator permit- 
ting movement of the needle in one direction to permit 
fuel delivery through the first outlet opening and in an 
opposite direction to move the valve needle and the 



valve member to permit fuel delivery through the sec- 
ond outlet opening. 

[0007] The invention will further be described, by 
way of example, with reference to the aoconpanying 
5 drawings, in which: 

Figure 1 is a sectional view of part of a fuel injector 
in accordance with an embodiment; 

10 Figures 2 and 3 are views similar to Figure 1 illus- 
trating the injector, in use; 

Figures 4 and 5 illustrate two techniques for actuat- 
ing the injector; and 

75 

Rgure 6 illustrates, diagrammatically. a spring bias- 
ing regime which is suitable for use in the injector. 

[0008] The fuel injector illustrated, in part, in Figure 
20 1 comprises a nozzle body 1 0 having a through bore 1 1 
formed therein. A two-part valve member 12 is slidable 
within the bore 11, the valve member 12 comprising a 
lower part 13 of diameter substantially equal to the 
diameter of the adjacent part of the bore 1 1 and includ- 
es ing, adjacent its lower end in the orientation illustrated, 
a region 13a of enlarged diameter which protrudes from 
the bore 1 1 and is engageable with an external surface 
of the nozzle body 10. The upper end region of the part 
13 is externally screw-threaded and is in screw- 
30 threaded engagement with a part 14 of the valve mem- 
ber 12 of diameter substantially equal to the diameter of 
the adjacent part of the bore 1 1 . The region of the bore 
11 adjacent the part 14 of the valve member 12 is of 
diameter greater than the region of the bore 1 1 adjacent 
35 the part 1 3 of the valve member 12. Intermediate these 
regions of the bore 11, an annular chamber 15 is 
defined between the bore 1 1 and the valve member 12, 
the chamber 15 communicating with a supply passage 
16 which communicates, in use, with a source of fuel 
40 under high pressure, for example a common rail of a 
common rail fuel system, the common rail being 
arranged to be charged to a suitably high pressure by 
an appropriate high pressure fuel pump. 
[0009] The parts 1 3, 1 4 of the valve member 1 2 are 
45 provided with bores which together form a blind bore 1 7 
within which a valve needle 18 is slidable. The bore 17 
communicates with the annular chamber 15 through a 
plurality of drillings 19 provided in the part 13 of the 
valve member 12. The valve needle 18 is provided with 
so guide regions 18a. 13b of diameter substantially equal 
to the diameter of the adjacent parts of the bore 1 7. and 
arranged to guide the needle 18 for sliding movement 
within the valve member 12. In order to ensure that fuel 
flow within the bore 1 7 is uninhibited by the guide region 
55 18a the portion of the needle 18 defining the guide 
region 18a is conveniently provided with flutes or other 
formations (not shown) permitting the flow of fuel past 
the guide region 18a. 
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[001 0] The part of the needle 18 adjacent the blind 
end of the bore 17 is of frusto-conicat form and is 
arranged to engage a seating surface 20 defined adja- 
cent the blind end of the bore 17. Engagement of the 
needle 18 within the seating surface 20 controls the 
supply of fuel from the bore 1 7 to a plurality of first outlet 
openings 21. In the embodiment illustrated, the inner 
ends of the first openings 21 are arranged to be closed 
by the needle 18 when the needle 18 engages the seat- 
ing surface 20. However, if desired, the openings 21 
may communicate with a chamber or sac located down- 
stream of a seating surface 20 with which the needle 18 
is engageable. 

[001 1 ] Upstream of the seating surface 20, the part 
13 is provided with a plurality of second outlet openings 
22, the second outlet openings 22 opening to the exte- 
rior of the part 1 3 immediately above the enlarged diam- 
eter region 13a thereof. 

[0012] The part 14 of the valve member 12 is of 
diameter greater than that of the part 13. the dimen- 
sions of these parts of the valve member 12 having 
been chosen to ensure that the application of fuel under 
high pressure to the chamber 15 and the bore 17 
applies a biasing force to the valve member 12 biasing 
the valve member 12 towards a closed position as illus- 
trated in Figure 1 . In this position, the enlarged diameter 
region 1 3a of the part 1 3 engages the lower end surface 
of the nozzle body 10, and the second outlet openings 
22 are closed by the nozzle body 10. It will be appreci- 
ated that, in this position, fuel delivery through the sec- 
ond outlet openings 22 is not permitted. Although not 
illustrated in Figure 1. an appropriate biasing force is 
conveniently applied to the valve member 12 to ensure 
that, at rest, the valve member 12 occupies its closed 
position, assisting the action of the fuel under pressure, 
and to ensure that the valve member 12 occupies its 
closed position when the fuel system is not in use, and 
fuel under high pressure is not applied to the chamber 
15 or bore 17. 

[001 3] An appropriate actuator (not shown in Figure 
1) is associated with the injector, the actuator applying a 
force to the needle 18, when injection is not to take 
place, urging the needle 18 into engagement with the 
seating surface 20. It will be appreciated that the 
engagement of the needle 18 with the seating surface 
20 ensures that fuel is not permitted to flow from the 
bore 1 7 to the first outlet openings 21 . As a result, fuel 
injection through the first outlet openings 21 does not 
take place. 

[0014] Referring to Figure 2. when injection of fuel 
is desired through the second outlet openings 22. the 
magnitude of the force applied by the actuator to the 
needle 18 urging the needle 18 in a downward direction 
in the orientation illustrated is increased. The increase 
in the downward force applied to the needle 18 is suffi- 
cient to cause movement of the needle 1 8 and the valve 
member 12 with which the needle 18 is in engagement 
against the action of the fuel under pressure within the 



chamber 15 and bore 17 and against the action of any 
spring biasing force associated with the valve member 
12, moving the valve member 12 from the closed posi- 
tion illustrated in Figure 1 to an open position as illus- 

5 trated in Figure 2. In this position, as the valve needle 18 
is still in engagement with the seating surface 20, injec- 
tion of fuel does not occur through the first outlet open- 
ings 21 . However, the downward movement of the valve 
member 12 results in the second outlet openings 22 

10 moving to positions in which they are no longer 
ot>scured by the nozzle body 10. and fuel delivery 
occurs through the second outlet openings 22. It will be 
appreciated that the rate at which fuel is delivered and 
the other injection characteristics are dependent upon 

t5 the fuel pressure applied to the injector and upon the 
shape, size, position and number of second outlet open- 
ings 22. 

[0015] In order to terminate delivery through the 
second outlet openings 22, the actuator is returned to 

20 its original condition, the valve member 12 and needle 
18 returning to the positions illustrated in Figure 1 under 
the action of the fuel under pressure within the chamber 
15 and bore 17 and the action of any spring biasing 
associated with the valve member 12. 

25 [0016] With reference to Figure 3, when delivery of 
fuel is required through the first outlet openings 21 . the 
actuator is operated to reduce the magnitude of the 
downward force applied to the needle 18. As a result, 
the action of the fuel under pressure within the bore 17 

30 which applies a force to the needle 18 urging the needle 
18 in an upward direction causes upward movement of 
the needle 18. Such movement of the needle 18 lifts the 
lower end thereof away from the seating surtece 20, 
thus permitting fuel to flow from the bore 17 to the first 

35 outlet openings 21 . It will be understood that the rate at 
which fuel is delivered for any given fuel pressure and 
the other injection characteristics will te dependent 
upon the number, size, position and shape of the outlet 
openings 21, 

40 [001 7] Delivery of fuel through the first outlet open- 
ings 21 is terminated by returning the actuator to its 
original condition, thereby ensuring that the needle 18 
returns to the position illustrated in Figure 1. 
[0018] By appropriately selecting, for example the 

45 sizes of the first outlet openings 21 and second outlet 
openings 22, it will be understood that different fuel flow 
rates or spray formations may be produced when fuel is 
delivered through the first outlet openings 21 compared 
to those where fuel is delivered through the second out- 

50 let openings 22. thus the injection characteristics can be 
controlled by controlling the direction of movement of 
the needle 18 from its rest position, in use. 
[0019] In an alternative embodiment to that shown 
in Figures 1 -3. the outer surface of the valve needle 12 

55 may be shaped to define a seating surtece which is 
engageable with a corresponding seating surface 
defined by the nozzle body 10 such that, upon engage- 
ment between said seating surfaces, fuel is unable to 
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escape through the second outlet openings 22 into the 
engine cylinder or other combustion space. 
[0020] Rgure 4 illustrates an actuator arrangement 
suitable for use with the injector of Figures 1 to 3. 
Although not illustrated in Figure 4, a spring biasing 
arrangement may be provided to bias the valve member 
12 towards its closed position and to bias the valve nee- 
dle 18 into engagement with the seating surface 20. 
[0021] The actuator arrangement illustrated in Fig- 
ure 4 takes the form of an electromagnetic actuator 
including a pair of cores 23 with respective windings 24 
associated therewith. An armature 25 is located inter- 
mediate the cores 23. the armature 25 being mounted 
upon a load transmitting member 26, the lower end of 
which abuts or is secured to the upper end of the valve 
needle 1 8. The upper end of the load transmitting mem- 
ber 26 is slidable within a bore 27 in a piston-like man- 
ner and defines, with the bore 27, a chamber 28 which 
communicates through a drilling 29 with the supply pas- 
sage 16. As a result, the application of fuel under pres- 
sure to the supply passage applies a biasing force to the 
load transmitting member 26 which is transmitted to the 
needle 18, urging the needle 18 into engagement with 
the seating 20. The dimensions of the bore 27 and the 
upper part of the load transmitting member 26 are cho- 
sen, depending upon the intended application, to result 
in the needle being substantially pressure balanced 
thereby reducing the magnitude of actuator forces 
which must be applied, in use. 

[0022] In use, in order to cause delivery of fuel 
through the first outlet openings 21, the winding 24 
associated with the upper core 23 is energized, attract- 
ing the armature 25 and applying a force to the load 
transmitting member 26 acting against the action of fuel 
under pressure within the chamber 28 and any spring 
biasing of the needle 18 thus reducing the magnitude of 
the downward force applied to the needle 18 and per- 
mitting movement of the needle 18 in an upward direc- 
tion as described hereinbefore. When the winding 24 
associated with the upper core 23 is de-energized, the 
action of the fuel under pressure within the chamber 28 
together with any spring biasing of the needle 18 apply 
a force to the needle 18 returning the needle 18 to its 
original position. 

[0023] When fuel is to be delivered through the sec- 
ond outlet openings 22, the winding 24 associated with 
the lower core 23 is energized attracting the armature 

25 and applying a force to the load transmitting member 

26 in a downward direction. The force is applied to the 
needle 18 and. due to the engagement between the 
needle 18 and the seating surface 20. is transmitted to 
the valve member 12, resulting in movement of the 
valve member 12 to the position illustrated in Figure 2. 
As a result, fuel injection through the second outlet 
openings 22 but not the first outlet openings 21 occurs. 
In order to terminate injection, the winding 24 associ- 
ated with the lower core 23 is de-energized, and the 
valve member 12 returns to the position illustrated in 



Figure 1 due to the action of the fuel under pressure 
within the chamber 15 and bore 17. in conjunction with 
any spring biasing associated with the valve member 
12. 

5 [0024] Figure 5 illustrates an alternative actuation 
anrangement. In the arrangement of Figure 5, a piston 
member 30 is located within the part of the bore 17 
defined by the upper part 14 of the valve member 12. 
The piston member 30. bore and valve needle 18 

10 together define a chamber 3 1 to which fuel can flow at a 
restricted rate from the bore 17 between the guide 
region 1 8b of the needle 1 8 and the wall of the bore 1 7. 
The piston member 30 is secured to a piezoelectric 
actuator stack 32. energization of which is controlled by 

75 an appropriate electronic control arrangement. 

[0025] When fuel delivery is not to take place, the 
stack 32 is energized to an intermediate level, and the 
valve member 12 and needle 18 occupy the position 
illustrated in Figure 1 . In order to cause delivery of fuel 

20 through the first outlet openings 21. the energization 
level of the stack 32 is altered to cause a reduction in its 
axial length. As a result, the piston 30 moves in an 
upward direction, reducing the fuel pressure within the 
chamber 31, and a point will be reached beyond which 

25 the fuel pressure within the bore 17 acting upon the 
needle 1 8 is sufficient to overcome the action of the fuel 
pressure within the chamber 31 and any spring biasing, 
whereon the needle 18 will lift from the seating surface 
20 and fuel delivery through the first outlet openings 21 

30 will occur as illustrated in Figure 3. In order to terminate 
injection, the actuator 32 is returned to its original ener- 
gization level, re-pressurizing the chamber 31 and 
returning the needle 18 to the position illustrated in Fig- 
ure 1. 

35 [0026] In order to cause delivery of fuel through the 
second outlet openings 22, the energization level of the 
stack 32 is altered to Increase the axial length of the 
stack 32, causing the piston 30 to move in a downward 
direction, increasing the fuel pressure within the cham- 

40 ber 31. As a result, the magnitude of the downward 
force applied to the needle 18 will increase, the down- 
ward force being transmitted to the valve member 12 
and a point will be reached beyond which the valve 
member 12 will move in a downward direction to the 

45 position illustrated in Figures 2 and 5. In order to termi- 
nate injection, the stack 22 is returned to its original 
energization state, thus permitting the fuel pressure 
within the chamber 31 to fall and as a result, the needle 
18 and valve member 12 return to the position illus- 

50 trated in Figure 1. 

[0027] The provision of the chamber 31 is advanta- 
geous compared to an arrangement in which the needle 
18 is coupled directly to the stack 32 in that leakage of 
fuel to or from the chamber 31 at a restricted rate will 

55 compensate for thermal expansion of the stack 32. 
creep under load or elastic movement due to changes In 
the fuel pressure applied to the injector. 
[0028] Rather than arrange for the actuator to 
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occupy an intermediate energisation level when injec- 
tion is not occurring, an actuator of the type in which 
reverse actuation is possible upon the application of a 
negative voltage could be used. 

[0029] It will be appreciated that other types of actu- 5 
ator may be used, and that the invention extends to the 
use of such actuators with the injector described herein- 
before. 

[0030] Although the spring biasing of the valve 
member 1 2 and needle 1 8 is not illustrated in either the io 
arrangement of Figure 4 or that of Rgure 5, it will be 
appreciated that such spring biasing is advantageous in 
that, when fuel under pressure is not applied to the 
injector, the spring biasing will hold the valve needle 18 
and valve member 12 in the positions illustrated in Fig- is 
ure 1. Figure 6 illustrates, diagrammatically, a suitable 
spring biasing regime for the valve needle 18 and the 
valve member 12. As illustrated in Figure 6, a first spring 
33 is provided which applies an upwardly directed bias- 
ing force to the valve member 1 2, urging the valve mem- 20 
bet 12 towards the closed position illustrated In Figure 
1 . A second spring 34 applies a downwardly directed 
biasing force to the needle 18 urging the needle 18 into 
engagement with the seating surges 20 as illustrated in 
Figure 1. The location of the springs to achieve the 25 
application of such biasing forces need not be as illus- 
trated in Figure 6. For example, where a load transmit- 
ting member 26 is provided as illustrated in Figure 4, 
then the second spring 34 may act upon the load trans- 
mitting member 26 rather than directly upon the needle 30 
18. 



3. A fuel injector as claimed in Claim 1 or Claim 2, 
having a plurality of appropriately positioned said 
first outlet openings (21) and a plurality of appropri- 
ately positioned said second outlet openings (22). 

4. A fuel Injector as claimed in any of Claims 1 to 3, 
wherein a force for moving the valve member (1 2) is 
transmittable through the valve needle (18). 

5. A fuel injector as claimed in Claim 4, wherein an 
actuator (23. 24; 32) is associated with the valve 
needle (18) so as to permit movement of the needle 
(18) in one direction to permit fuel delivery through 
the first outlet opening (21) and in an opposite 
direction to move the valve needle (18) and the 
valve member (12) to permit fuel delivery through 
the second outlet opening (22). 

6. A fuel injector as claimed in Claim 5, wherein the 
actuator (23, 24; 32) is bi-directional. 

7. A fuel Injector as claimed in any of the preceding 
claims, wherein the outer surface of the valve nee- 
dle (12) is shaped to define a seating surface which 
is engageable with a corresponding seating surface 
defined by the nozzle body (10), whereby engage- 
ment between said seating surfaces, in use, causes 
the second outlet opening (22) to be closed so as to 
prevent fuel delivery through the second outlet 
opening (22). 



Claims 



1 . A fuel injector comprising a nozzle body (1 0) def in- 3S 
ing a bore (11), an outwardly opening valve mem- 
ber (12) siidable within the bore (11). the valve 
member (12) defining a blind bore (17) within which 

an inwardly opening valve needle (18) is siidable, 
the valve needle (18) being engageable with a seat- 40 
ing (20) to control fuel flow towards a first outlet 
opening (21) provided in the valve member (12), 
and a second outlet opening (22) provided in the 
valve member (12), the second outlet opening (22) 
being in constant communication with a part of the 4S 
blind bore (17) upstream of the seating (20) and 
being located such that, in a closed position of the 
valve member (12), the second outlet opening (22) 
is closed by the nozzle body (10), outward move- 
ment of the valve member (12) to an open position so 
permitting fuel delivery through the second outlet 
opening (22). 

2. A fuel injector as claimed in Claim 1 , the valve nee- 
dle (1 8) being an^anged such that inward movement ss 
thereof away from the seating (20) permits fuel 
delivery through the first outlet opening (21). 
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